Background and Purpose-Studies on cardiovascular disease have preferentially involved men because of the lower frequency of the disease in preelderly women. The aim of this analysis was to examine, with the use of a standardized ultrasound protocol, a cohort of women to differentiate early atherosclerotic lesions in different carotid segments in relation to traditional (lipoprotein abnormalities, high blood pressure, cigarette smoking) and nontraditional (oxidation markers) cardiovascular risk factors. Methods-More than 5000 clinically healthy, middle-aged women (nϭ5062; age range, 30 to 69 years) living in the area of Naples in southern Italy participated in the Progetto Atena, a population-based study on the etiology of cardiovascular disease and cancer in the female population. A subsample of 310 participants underwent high-resolution B-mode ultrasound to assess intima-media thickness of common carotid artery and carotid bifurcation. Results-Early atherosclerotic plaques (intima-media thickness Ͼ1.2 mm) were detected within the common carotid arteries in 37 women, in the carotid bifurcations in 77 women, and in both sites in 91 women. After age adjustment, common carotid plaques were found to be associated with higher systolic blood pressure (143 versus 138 mm Hg; PϽ0.05) and higher body mass index (29 versus 27 kg/m 2 ; PϽ0.01), while lesions at the carotid bifurcations were associated with higher LDL cholesterol (4.3 versus 3.8 mmol/L; PϽ0.01) and with smoking habit. Multivariate odds ratios for the presence of common carotid plaques were related to antibodies against oxidized LDL (odds ratio, 2.72; 95% CI, 1.46 to 5.07), and those for plaques at the bifurcation were related to lipid peroxides (odds ratio, 1.90; 95% CI, 1.04 to 3.47), and both relationships were independent of age, LDL cholesterol concentrations, body mass index, smoking habit, and systolic blood pressure. Conclusions-In a cohort of clinically healthy, middle-aged women, we found a site-specific association of traditional risk factors and oxidation markers with early atherosclerotic lesions in arterial segments differing in geometry, shear stress, extracellular matrix composition, and cell type populations. 
D
ecades of epidemiological research have provided substantial information on risk factors for cardiovascular disease. 1 However, studies have preferentially involved men because of the lower frequency of the disease in preelderly women.
Epidemiological studies using high-resolution ultrasound have provided information on the prevalence of atherosclerosis extent and severity. [2] [3] [4] Noninvasive carotid artery end points are among the best predictors of the clinical atherosclerotic status. [5] [6] [7] B-mode ultrasound imaging has also been used to evaluate prospectively the natural history of peripheral atherosclerosis evolution by monitoring lesion growth over time 8 and its stabilization 9 -12 in selected groups of patients. B-mode ultrasound offers the opportunity to examine the atherogenic associations of risk factors in different populations and the efficacy of medical interventions aimed at slowing disease progression. This method allows the quantitative measurement of an end point that is closely related to the underlying disease, ie, combined intima-media thickness (IMT). 13 In addition to traditional risk factors associated with the development and progression of atherosclerosis, oxidized lipoproteins have attracted much attention. 14 -17 Oxidized LDL has been reported to stimulate macrophage transformation into foam cells, functional changes in endothelial cell, and immune responses involving autoantibodies and immu-nocomplexes. All these processes are thought to be involved in the early phases of development of atherosclerotic lesions. 18 The aim of this study was to examine, with a standardized ultrasound protocol, a cohort of women to differentiate early atherosclerotic lesions in different carotid segments in relation to traditional (lipoprotein abnormalities, high blood pressure, cigarette smoking) and nontraditional (oxidation markers) cardiovascular risk factors.
The present analysis was done in a geographic area (the Mediterranean basin) where some loss of the traditional Mediterranean advantage for coronary heart disease has been reported and where mortality data for stroke have always been less favorable. 19 
Subjects and Methods

Selection of Subjects
More than 5000 clinically healthy, middle-aged women (nϭ5062; age range, 30 to 69 years) living in the area of Naples participated in the Progetto Atena study. 20 The general objective of this project is to investigate the causes of those chronic diseases that have a major impact on the female population. Individuals with a previous diagnosis of myocardial infarction, stroke, or major cancers were not included. Subjects with acute disease affecting blood and urine biochemistry were invited to delay their participation. During a 6-month period, the older 3 of 10 daily participants were offered an ultrasound examination and additional biochemical tests, free of charge. Of those 400 women who were invited, 310 accepted the additional investigations and constituted the present cohort. After age adjustment, there were no statistically significant differences (Table 1) in cardiovascular risk factor profile between the whole cohort of Progetto Atena and the subset (our sample) who elected to undergo an ultrasound examination and oxidation marker assays.
The study was approved by the ethical committees of the institutions involved, and the subjects recruited gave their informed consent.
Anthropometry, Blood Pressure, and Biochemical Analyses
Body mass index (BMI) was calculated according to the following formula: BMIϭWeight (kg)/Height 2 (m 2 ). Procedures for blood pressure measurements and training and supervision of observers were similar to those previously described. 21 Lifestyle questionnaires were based on the questionnaires used in major Italian population studies of cardiovascular disease.
Blood was withdrawn between 8 and 9:30 AM after an overnight fast, and serum and plasma samples were prepared in part to be immediately analyzed and in part to be stored in liquid nitrogen.
Serum samples were processed for total cholesterol and triglyceride assays by enzymatic methods. 22, 23 HDL cholesterol was precipitated by phosphotungstate. 24 LDL cholesterol was calculated according to the Friedewald formula: LDL CholesterolϭTotal CholesterolϪ(Triglycerides/5ϩHDL Cholesterol).
Serum IgG antibody titer against oxidized LDL was determined in duplicate by an ELISA on microwells coated with Cu 2ϩ oxidized LDL (o-LAB-ELISA kit, Biomedica). Imprecision of the method was evaluated on sera at both low and high contents of oxidized LDL and was always Ͻ10%.
The measurement of thiobarbituric acid reactive substances (TBARS) was used as a screening method for lipid peroxidation. We used a modified TBA assay 25 that minimizes artifactual oxidative degradation of lipids during the assay. The inclusion in the test of a large amount of the antioxidant butylated hydroxytoluene (BHT) prevents the formation and decomposition of lipid peroxides during the acidic heating stage of the assay. Moreover, interference by plasma carbohydrates 26 can be reduced by lowering the assay temperature from 90°C to 80°C. Patients' plasma samples were heated with TBA in the presence of 3 mmol/L BHT. The absorption spectra of the n-butanol extracts of the reaction mixtures were recorded between 650 and 450 nm: the absorbance at 535 nm minus the absorbance at 572 nm was taken as a measure of the TBARS adducts. The results were quantified on the basis of a calibration curve obtained with standard malondialdehyde, the main product of lipid peroxidation.
The total radical trapping activity of plasma (TRAP), which is indicative of plasma antioxidant potential, was measured by a spectrophotometric end point method 27,28 on a Cobas Fara centrifugal analyzer (Roche). Briefly, myoglobin in the ferric (FeIII) state was activated by hydrogen peroxide, resulting in a radical species in which the haem iron is in the ferryl form (FeIV-oxo). The myoglobin radical can attract an electron from 2,2Ј azinobis (3-ethylbenzothiazoline-6-sulfonate) (ABTS). The resulting ABTS cation can be detected at 734 nm. Plasma antioxidants scavenge the metmyoglobin radicals and thus prevent the development of the ABTS radical, thereby reducing the blank absorbance. The antioxidant Trolox (Hoffman-La Roche) was used as calibrator, and a standard curve was constructed daily. The imprecision error of the method was evaluated by analyzing daily a plasma pool, which was always Ͻ5%.
High-Resolution B-Mode Ultrasound
Biosound 2000 II s.a. (Biosound Inc) was used to examine the extracranial carotid arteries bilaterally. This system, equipped with an 8-MHz transducer with pulsed-wave Doppler and spectrum analysis capabilities, provides high-resolution ultrasonic images with 0.3-mm axial resolution and 256 degrees of gray scale. The ultrasound imaging examination was performed by an experienced, certified sonographer (G.C.) following a standardized protocol developed by the Division of Vascular Ultrasound Research at Wake Forest University, School of Medicine, Winston-Salem, NC. The aims of the protocol were to define intra-arterial carotid artery anatomic references (ie, crest at the origin of the bifurcation and the arch of the flow divider) and specific ultrasonic interfaces on both the near and far walls to provide valid and reliable measurements of IMT at the level of 3 standardized segments: the distal 1.0 cm of the common carotid artery, the carotid bifurcation, and the proximal 1.0 cm of the internal carotid artery ( Figure 1 ). Because of the high proportion of internal carotid arteries that could not be adequately visualized, the analyses were made on the bifurcation and common carotid arteries, where Ͼ99% of sites were visualized. Atherosclerotic plaques were defined as localized echogenic structures encroaching into the vessel lumen with an IMT Ͼ1.2 mm. The cutoff point of 1.2 mm for the IMT was chosen because it has been previously used in randomized clinical trials 11, 29 and also corresponds to the 90th percentile of the mean IMT, across common carotid artery and carotid bifurcation (near and far walls, bilaterally), in a random sample of Neapolitan adult women (nϭ170). The sonographer identified carotid plaques on the near and far walls of the common carotid arteries and carotid bifurcations on both sides. All measurements of IMT were made by the sonographer at the time of examination by using the machine electronic caliper. In our vascular laboratory, which has participated in interventional clinical trials using ultrasound, the previously reported within-subject coefficient of variation for IMT is Ͻ6%. 30
Statistical Analyses
Descriptive analyses, including mean, SD, and quartile cutoff points, are reported for all continuous variables. ANCOVA was used to obtain age-adjusted means for physical and biochemical variables and to compare groups with and without plaques at different sites. Most variables were divided into quartiles on the basis of the distribution of individual factors in the sample. Odds ratio calculations were based on the comparison of quartile 4 versus quartiles 1 to 3; they were determined by logistic regression, and 95% CIs were computed from the standard error of the regression coefficient, after adjustment for age. The choice of such a comparison was made to reduce small number problems. All analyses were performed with the SPSS for Windows 95 (release 8.0) statistical package for personal computers.
Results
Physical and biochemical characteristics of the study participants are shown in Table 2 . The majority (74%) were postmenopausal, and more than half of the women were current (44%) or past (18%) smokers.
Prevalence of Carotid Artery Plaques by Site and Age
Atherosclerotic plaques (IMT Ͼ1.2 mm) were detected at more than one third of visualized sites, with a slight preponderance of lesions at the bifurcation. There were 105 women with no plaques at either site. The other 205 had common carotid artery or bifurcation plaques: 77 had plaques at the bifurcation, 37 had plaques at the level of the common carotid artery, and 91 had plaques at both sites. There was a definite influence of age on the presence of plaques at bifurcations and at the common carotid arteries (Figure 2 ). Before age 50 years, the prevalence of lesions was 27% in the bifurcations and 19% in the common carotid arteries. A pronounced increase was present in the decade 50 Figure 1 . Two examined segments of the carotid artery (bifurcation and common carotid artery), the 2 anatomic landmarks used to standardize wall imaging and registration (flow divider and origin of the carotid bulb), and the specific B-mode ultrasound interfaces (2 and 3 on near wall, 4 and 5 on far wall) used to measure IMT. Interfaces 2 and 5 are the media-adventitia boundaries, and interfaces 3 and 4 are the lumen-intima boundaries. Interfaces 1 and 6 (not indicated in the figure and not used for arterial wall evaluation) are the boundaries between the adventitia and periadventitial tissue. 
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to 59 years and after age 60 years: 74% of women had plaques in the bifurcations, and 59% had lesions in the common carotid arteries. Because of the influence of age on plaque prevalence and on several risk factors, age was considered a main confounder. All further comparisons were therefore performed after adjustment for age.
Association of Carotid Plaques With Traditional Risk Factors
Mean age and LDL cholesterol were significantly higher in women with plaques at the carotid bifurcation than in those without plaques (57 versus 52 years; 4.3 versus 3.8 mmol/L; PϽ0.01), whereas no differences were detected for other traditional risk factors (Table 3) . Women with common carotid artery plaques had higher BMI (29 versus 27 kg/m 2 ; PϽ0.01), systolic blood pressure (143 versus 138 mm Hg; PϽ0.05), and pulse pressure (60 versus 55 mm Hg; PϽ0.01) than women without plaques at this arterial site (Table 3) . Odds ratios for atherosclerotic plaques in relation to quartiles of cardiovascular risk factors (quartile 4 compared with quartiles 1 to 3) are reported in Table 4 . LDL cholesterol in the upper quartile was associated with an increased risk of plaques at the bifurcation (odds ratio, 1.85; 95% CI, 1.04 to 3.27). BMI (odds ratio, 1.92; 95% CI, 1.11 to 3.33), and systolic blood pressure (odds ratio, 1.95; 95% CI, 1.12 to 3.41) were also associated with common carotid artery plaques. Smoking was significantly associated with plaques at the bifurcation (odds ratio, 2.02; 95% CI, 1.15 to 3.55; PϽ0.02) but not with plaques at the common carotid artery (odds ratio, 0.66; 95% CI, 0.38 to 1.14).
Association of Carotid Plaques With Oxidation Markers
Lipid peroxidation markers, evaluated by TBARS measurement, were slightly higher in women with plaques at the carotid bifurcation (0.49 versus 0.44 mol/L; PϽ0.05), whereas the presence of plaque in the common carotid artery was associated with higher titers of antibodies against oxi- dized LDL (402 versus 276 mU/mL in women without plaques; PϽ0.01) ( Table 3) . A multivariate regression analysis (Table 5) showed that antibodies against oxidized LDL were associated with common carotid artery plaques, independently of age and level of conventional risk factors (LDL cholesterol, BMI, cigarette smoking, systolic blood pressure), with odds ratio of 2.72 (95% CI, 1.46 to 5.07; Pϭ0.002).
Lipid peroxides were positively associated (Table 5 ) with plaques at the bifurcation (odds ratio, 1.90; 95% CI, 1.04 to 3.47; Pϭ0.04) and not at the common carotid artery, independently of age, LDL cholesterol concentrations, BMI, smoking habit, and systolic blood pressure.
Discussion
Our data demonstrate that traditional and nontraditional cardiovascular risk factors are associated with site-specific carotid artery plaques in clinically healthy, middle-aged women living in the Mediterranean area.
In the present study the prevalence of early arterial abnormalities (66%) was relatively high compared with those found in other female population-based surveys conducted in Italy 4 and elsewhere. 31, 32 The diverse definition of early arterial lesions adopted in our study and different risk factor pattern account for the disparity in values. We used an ultrasonographic end point to establish the presence of early, asymptomatic atherosclerosis. This end point was a categorical variable (IMT Ͼ1.2 mm) as measured by a sonographer (the same for all examinations) blind to the risk factor pattern of the women under study. The high prevalence of carotid plaques in our cohort is to some extent related to a relatively unfavorable risk profile of the participants in the study in regard to LDL cholesterol, BMI, and smoking. This may be partly explained by the fact that most of them were postmenopausal and partly by the lifestyle features that characterize the female population of the Neapolitan area at the present time. The dietary pattern, inspired by the Mediterranean tradition, has changed in the last decades in terms of calories and increase in dietary fat of animal origin. Together with sedentary habits (very frequent among women), this may explain the high prevalence of overweight and obese women and the high LDL cholesterol, which is especially increased after menopause. The concomitant increase in prevalence of smoking, which is the highest in Europe, 33 places the Neapolitan population at high risk. A recent analysis of current and estimated future incidence and mortality data for cardiovascular disease in Italy has reported a historical trend that places the women in southern Italy (particularly those in the urban areas) at higher risk of cardiovascular events than other Italian women. 34 The standardized protocol that we used to examine the anatomic segments under study allowed us to differentiate lesions within the common carotid artery and carotid bifurcation. The Atherosclerosis Risk in Communities (ARIC) Study acknowledged that the common carotid artery, carotid bifurcation, and internal carotid artery had different mean thicknesses, but no other site-specific features were identified. 2 The Cardiovascular Health Study (CHS) discriminated between the common carotid artery and the internal carotid artery but did not establish criteria for identification of the bifurcation. 7 We found that moderate elevations of LDL cholesterol and cigarette smoking were associated with plaques in the carotid bifurcation, while higher systolic blood pressure and BMI were associated with common carotid artery plaques. Furthermore, an association was demonstrated between concentration of lipid peroxidation products and site-specific plaques at the carotid bifurcation but not at the common carotid artery. This association was independent of age and traditional risk factors for coronary heart disease. We also demonstrated a strong and independent association of high titers of antibodies against oxidized LDL and plaques in the common carotid artery but not in the bifurcation. The association of oxidative markers with early carotid artery lesions in asymptomatic women is in agreement with the concept of involvement of oxidative processes in the early phases of atherogenesis. 18 Two ultrasound studies introduced the idea of site-specific lesions, variably associated with different cardiovascular risk factors. Tell et al 35 used a score system for presenting ultrasound results in a pooled population of men and women.
Their results do not demonstrate a clear difference between bifurcation and common carotid artery with regard to the association with cigarette smoking and hypertension (however, their multivariate analysis did not include LDL cholesterol). Espeland et al 36 evaluated IMT in men and women, with and without clinical evidence of coronary heart disease. In the subgroup without coronary heart disease (which is to some extent comparable to our clinically healthy women), they found an association of cigarette smoking and plaques at bifurcation and not at common carotid artery; their finding is in agreement with our results. However, they did not find the other associations with traditional cardiovascular risk factors (blood pressure, LDL cholesterol) found in our study; the smaller number of individuals examined and the mixture of men and women might explain this discrepancy. The association of traditional risk factors and oxidation markers with early lesions in carotid segments that differ in geometry, shear stress, extracellular matrix structure thickness, and cell composition 37 suggests that different mechanisms govern lesion development. LDL concentrations and cigarette smoking may contribute to early atherosclerotic structural changes in the bifurcation segment, which contains more macrophages 37 than do contiguous segments and seems more susceptible to earlier LDL oxidation and lipid accumulation. High levels of lipid peroxidation products might be a marker of this process. The common carotid artery is primarily spared from atherosclerosis (although involved in medial hyperplasia due to hypertension). Consequently, plaques in this area are likely to reflect atherosclerotic progression marked by high titers of oxidized LDL antibodies. In this respect, we have found that overweight, high blood pressure, and low HDL cholesterol (3 features of the so-called metabolic syndrome) are all associated with common carotid artery plaques (with no relationship to bifurcation plaques), suggesting some shared mechanism of arterial damage.
This study, in agreement with others, 35, 36 suggests that caution should be exercised in extrapolating findings obtained in one arterial segment to others, even though they may be contiguous segments. The site specificity of arterial lesions also helps to explain the discrepancies among ultrasound studies using different arterial segment definition or lacking segment specification.
